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M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
7 50 % hatching of embryos was observed. This happened at 12 dpf (11 days of exposure) for cod 153 and 11 dpf (10 days of exposure) for haddock. Tissue samples (pooled 0.1-1 g eggs) were 154 collected from all exposure groups and controls after nine days of exposure, quickly rinsed in 155 clean seawater to eliminate any free oil droplets from the sample and examined under the 156 microscope to eliminate dead and damaged eggs from the sample. At day 10 (during hatching), 157 100 individual un-hatched haddock eggs were sampled, and the chorions and embryos manually 158 separated using tweezers to be analyzed separately. The samples were preserved by flash-159 freezing in liquid nitrogen and stored at -80 °C until further handling. 160 161
Exposure of haddock embryos to phenanthrene and monoaromatic compounds 162
Accumulation and toxicity studies of the two synthesized monoaromatic compounds and 163 phenanthrene were performed using a passive dosing system. AlteSil® translucent Silicone 164
Cords (1 mm diameter, 64 cm length) were loaded with the test compounds (1-isopropyl-4-165 methyltetralin, 1-isopropyl-4-methylindane or phenanthrene) from methanol using a method 166 adapted from Vergauwen et al. (2015) . Briefly, pre-cleaned silicone cords were loaded by 167 partitioning in methanol solution for 72 hours, followed by repeated partitioning in new 168 methanol solution for 24 hours. Methanol solution concentrations are given in Table S2 . Loaded 169 silicone cords were rinsed in MilliQ-water three times, followed by equilibration in 80 mL 170 seawater over 48 hours in glass vials. Both loading and equilibration took place at the exposure 171 temperature (8 °C). Viable (n=250, biomass loading 6 g/L) embryos were transferred to the vials 172 at 3 dpf. The exposure temperature was 8 ± 1 °C with a light regime of 12 hours light:12 hours 173 dark. After 72 hours exposure, samples were removed for body burden analysis and remaining 174 live eggs were transferred to filtered (0.22 µm Sterivex®) seawater for development and 175
hatching. Mortality and hatching success were recorded daily and dead eggs or larvae removed. 176
Videos and images of hatched larvae at 3 days post hatching (dph) were taken through a 177 microscope (Eclipse 80i, Nikon Inc., Japan) equipped with a CMOS camera (MC170HD, Leica 178 Microsystems, Germany). All imaged larvae were analyzed for segmented body length, body 179 area, eye diameter, jaw length and eye-to-forehead distance (myotome height) using ImageJ 180 (Schneider et al., 2012) . Morphological abnormalities (jaw deformations, craniofacialM A N U S C R I P T
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8 deformations, pericardial edema, spine deformations, abnormal pigmentation) were 182 determined according to a severity degree scale (0-3 where 0 is normal, 1 is minor deformation, 183 2 is moderate deformation and 3 is severe deformation; Sørhus et al. (2015b) , examples are 184 given in Figure S10 .). Heart rate measurements was performed on videos. All image analysis was 185 performed 'blinded', on randomized samples. 186 187
Chemical analysis 2.4 188

Extraction and purification of fish egg samples 189
Extraction of tissue samples was performed as described by Sørensen et al. (2016) . After 190 addition of surrogate standards (100 ng/g sample), the samples were homogenized in n-hexane-191 dichloromethane (DCM) (1:1 v/v, 3 mL), followed by addition of Na 2 SO 4 , vortex extraction and 192 centrifugation. The supernatant was collected, and the extraction repeated twice. 
Extraction of water samples 213
During the cod and haddock exposure studies, water samples (1 L) were taken from each 214 exposure tank at the beginning, during and at the end of each experiment (total three samples). 215
The samples were acidified (HCl, pH<2) and stored dark and cool (4 °C) until further handling. 216
For characterization of the exposure during the haddock egg passive dosing study, water 217 samples (1 mL) were taken on day 0, 1, 2 and 3 of exposure. Deuterated internal standards were 218 added prior to extraction to account for analyte loss during extraction. The samples were 219 extracted three times by partitioning to solvent (30 mL DCM for 1 L samples, 1 mL 1:1 DCM:n-220 hexane for 1 mL samples) and dried with Na 2 SO 4 . The sample volume was adjusted by gentle 221 evaporation prior to GC-MS or GC-MS/MS analysis. 222 223
GC-MS 224
The GC-MS system for analysis of passive dosing water samples comprised an Agilent 7890A GC 225 and an Agilent 5975 C MS fitted with a DB5 MS UI column (30 m x 0. 25 mm x 0.25 μm). The 226 carrier gas was helium, at a constant flow of 1 mL/min. Samples (1 µL) were injected in pulsed 227 splitless mode at 250 °C. The oven was held at 40 °C (1 min), ramped by 40 °C/min to 120 °C, by 228 15 °C/min to 300 °C, and finally by 40 °C/min to 320 °C (7 min hold). 1-isopropyl-4-methylindane in passive sampling egg tissue samples, the oven was held at 60 °C 243 for 1 min, ramped to 120 °C by 40 °C/min, and then ramped to 310 °C at 5 °C/min. The 244 temperature was held at 310 °C for 5 minutes, while the first column was back-flushed. The ion 245 source temperature was 230 °C and the quadrupole temperature was 150 °C. N 2 was used as 246 collision gas (1.5 mL/min) and helium was used as a quench gas (4 mL/min). Phenanthrene and 247 Comparisons between treatments were made using the non-parametric Kruskal-Wallis test 274 followed by Dunn's multiple comparison test for larvae deformation severity data and one-way 275 ANOVA followed by Tukey's multiple comparisons test for heart rate and biometric data. that TAGs eluted at 7 mins, while 2-6 ring PAHs eluted in the range 11-13 mins (Fig. S1 ). 310
Cholesterol eluted at approximately 9.5-10 minutes. The method was then applied to an extract 311 of haddock eggs (Fig. S2) . Fractions of the eluent were collected and characterized qualitatively 312 by thin layer chromatography (Table S3) fouled cod eggs or haddock eggs exposed only to the WSF of oil. The observed increased 326 internal PAH body burden was also correlated to increased toxicological response. However, 327
PAHs only comprise 0.1-1 % of most crude oils (Bence et al., 1996) , and there is a plethora of 328 less characterized groups of compounds that might be of toxicological interest. Therefore, in the 329 present study, the aim was to identify other crude oil compounds that also accumulate in fish 330 embryos during oil exposure, with and without oil droplets adhering to the chorion. Confirming 331 the visual observation of crude oil droplets on the haddock eggs, GCxGC chromatograms of oil 332 exposed (and fouled) eggs showed a similar chromatographic profile to those of crude oil 333 samples, although the egg samples were depleted in the most volatile crude oil compounds (Fig.  334   S4 ). Compounds considered too large to partition through the chorion and thus likely originating 335 from the adhered oil droplets, such as large alkanes, large cycloalkanes and some petroleum 336 biomarker compounds (e.g. hopanes), were identified in these chromatograms (Fig. S5 ). These 337 compounds were not detected in either control samples, samples of cod eggs, or WSF exposed 338 haddock eggs. To investigate the partitioning of compounds into the embryo, it was necessary 339 to de-chorionate the eggs prior to analysis (Sørensen et al., 2017) , in order to analyze the 340 chorion and embryo separately. Through this analysis, it was confirmed that the larger, oil-341 related, compounds remained on the chorion. Alkanes, large cyclic alkanes and petroleum 342 biomarkers (e.g. hopanes) were observed in samples of the entire haddock egg and separated 343 chorion, but not in the separated embryos. 344 345 A range of monoaromatic compounds was tentatively identified in both the WSF and oil droplet 346 exposed haddock and cod embryos. The structures of the observed compounds were partially 347 elucidated by co-injection of authentic compounds, and comparison of the two-dimensional 348 retention positions and mass spectra of these and the unknowns. phenanthrenes, but are more hydrophobic. It is therefore plausible that the bioaccumulation 365 potential of these compounds is high when fish eggs are exposed to crude oil droplets. By co-366 injection with the synthesized C 4 -alkyltetralin and indanes (Table S1) , it was possible to obtain 367 semi-quantitative uptake data for identified peaks in the haddock chorion and embryo samples 368 (Fig. 2) . Six C 4 -alkylindanes were tentatively identified, of which five were quantifiable in both 369 chorion and embryo samples. Seven C 4 -alkyltetralins were tentatively identified, of which six 370 were quantifiable in the chorion sample and one was quantifiable in the embryo sample (Fig. 2) . 371 372 An interesting and unexpected phenomenon was the selective accumulation of certain isomers 373 of each (C 1-3 ) alkyl phenanthrene groups in the embryo (for instance 4/9-methyl-subsituted 374 phenanthrene), whereas the profile of alkyl phenanthrenes on the chorion was similar to that of 375 the crude oil (Fig. 1) . Rather than being caused by selective partitioning through the chorion, it 376 is hypothesized that the phenomenon is caused by a reduced potential for biotransformation of 377 certain sterically-hindered isomers. Less pronounced differences were observed for the 378 alkyltetralins (Fig. 1) , and this emphasizes the need for further investigations into the effects of 379 accumulated monoaromatic compounds in fish ELS. 1-isopropyl-4-methylindane (32 ng/embryo), phenanthrene (63 ng/embryo). The oil exposed 399 embryos were severely damaged (corresponding to a malformation degree of 3 or worse, Fig.  400 5), while in the single compound exposure, similar severe malformation was only observed in 401 the high dose phenanthrene. It should be mentioned that due to the differences in both 402 exposure system and time, the body burden levels cannot be compared directly between the 403 two studies. Nevertheless, the differences in body burden suggest that these three single 404 compounds we have tested cannot be expected to contribute strongly to the very severe 405 toxicity that are observed in the oil exposed embryos. Oil exposures are extremely complex and 406 the high embryotoxicity is expected to be a result of additive effects (and possibly synergistic 407 effects) of many compounds. (Hodson, 2017) . 408
409
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Compared to obtained water concentrations of each test compounds (Fig. S7) , the 410 bioconcentration of the three studied compounds are similar (log BCF ~ 2.6-2.8). Due to 411 differences in obtained water concentration (lower for the monoaromatics compounds), the 412 maximum body burden obtained is also lower in the monoaromatic exposed eggs, so the lowest 413 dose phenanthrene body burden (24 ng/embryo) is comparable to the high dose body burden 414 of alkyltetralin (24 ng/embryo) and alkylindane (33 ng/embryo). This should be kept in mind 415 when evaluating the toxicity endpoints. 416
417
No clear dose-response relationship of mortality was observed during the single compound 418 exposure study. Heart rate measurements revealed increased heart rate relative to controls 419 (seawater and non-loaded silicone) in exposures with alkylindane and phenanthrene, but not 420 with alkyltetralin (Fig. S8) . Hatching was delayed relative to controls in all exposures, and the 421 delay is linked to both compound and concentration (Fig. 4) . Biometric measurements in 422 hatched larvae (3 dph) revealed developmental abnormalities (reduced body and jaw length, as 423 well as reduced eye diameter) only in embryos exposed to phenanthrene at the two higher 424 concentrations (Fig. S9) , while significant craniofacial deformations, jaw deformations and 425 pericardial edema was observed also for embryos exposed to the two highest doses of 1-426 isopropyl-4-methylindane (Fig. 5) . In the high dose phenanthrene (85±16 µg/L; 33±2 mg/kg body 427 burden) nearly all larvae were severely malformed. In the present study all the larvae with 452 malformation severity degree 2 and 3 (Fig 5, Fig. S10 ) can be considered to be ecologically dead; 453 they will not have the ability to catch and eat prey either due to destroyed jaws or disrupted 454 swimming behavior. The damaged larvae will be easy prey to natural predators. 
Conclusion
480
In this study, several groups of petrogenic monoaromatic compounds were identified in cod and 481 haddock embryos after exposure to dispersed crude oil. Although the toxicity of these 482 compounds has been evaluated in only a limited number of studies, they have been proven 483 detrimental to marine species. To investigate the potential toxicity of such compounds to fish 484 embryos, two monoaromatic compounds (1-isopropyl-4-methyltetralin and 1-isopropyl-4-485 methylindane) were synthesized and subjected to haddock embryo toxicity assay using passive 486 dosing as an exposure pathway. Although the monoaromatic compounds were observed to 487 have comparable bioconcentration factors to phenanthrene, the total uptake was lower, due to 488 the lower concentrations which could be solubilized in seawater by passive dosing. The 489 monoaromatic compounds caused dose-dependent delayed hatching in the exposed embryos. 490
Small, but statistically significant effects, including craniofacial and jaw deformations and 491 pericardial edemas, were also observed at the highest doses of 1-isopropyl-4-methylindane. The 492 results of the current study suggest a need for more research on the sublethal effects of 493 monoaromatic compounds toward fish ELS. This would require additional work on identifying 494 and synthesizing relevant compounds of interest. Of particular interest, would be the study of 495 possible synergistic effects of co-exposure of monoaromatic compounds and PAHs. water controls and exposed fish (N=31-67 for different groups), using the non-parametric 708
Kruskal-Wallis test, are given as *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001. 709 M A N U S C R I P T
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Highlights
• Monoaromatic compounds were found to accumulate in crude oil exposed haddock and cod embryos • Two model compounds were synthesized and bioconcentration and toxicity tested using passive dosing • Monoaromatic compounds displayed sublethal toxicity towards haddock embryos
